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The current stud y was undertaken to determine w hether 
a previously reported murine culture sys tem is an accept-
able m odel for the study of epidermal lipid metabolism. 
The lipid composition of primary neonatal m ouse keratin-
ocyte cultures was determined and compared with that of 
freshly isolated keratinocytes and whole epidermis. 14C_ 
Labeled arachidonic acid (AA) and linoleic acid (LA) were 
added to cultures and the incorporation into specific lipids 
w as assessed. T he lipid composition of the cultures indi-
cated that they were partially differentiated , which parallels 
the well-known incomplete keratiniza tion seen in many 
keratinocyte culture sys tem s. O f particular importance, the 
LA-rich uniquely epidermal lipids which may be of im-
po rtance in water barrier function , acylglucosylceramide 
(AGC) and acylceramide (AC) , were m ade by the cultures. 
Fatty acid analysis of total lipid, phospholipid , and AGC 
T he processes involved in epidermal keratiniza tion [1) are accompanied by pro found changes in the com-position and morphology o f lipid structures in the epidermis [2- 4). O f particul ar interest are the loss o f phospholipids and the increase in ceramides seen in 
the stratum corn eum relati ve to the viable cell layers of the epi-
d ermis [4). Acylglucosylceramide (AGC) and acylceramide (AC), 
w hich are unique to epidermis [5-7), have been proposed as fun c-
tionin g in the stacking of lipid bilayers in lam ellar granules and 
in the intercellular spaces o f the stratum corneum , respectively 
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extracts revealed a significant decrease in LA content com-
pared with the parent epidermis; this may have resulted 
from the low level of LA in fetal bovine serum, which was 
the serum source for these cultures . Labeled AA and LA 
were incorpora ted into the lipids of cultured keratinocytes 
in distinct patterns that were consistent with the fatty acid 
content of the lipids . Both AGC and AC showed prefer-
ential uptake of LA compared with AA. There w as minimal 
labeling of non-linoleate- containing lipids and a low degree 
of conversion oflabeled LA to AA. Considering the grossly 
di fferent environment o f the in vitro system compared with 
the in vivo state, the overall lipid composition was re-
markably well m aintained. Keratinocyte cultures should be 
of great value in the study of epidermal lipid metabolism . 
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[6,8). These lino leic acid (LA)-rich lipids are felt to be o f fun-
dam ental impo rtance in the epiderm al wa ter barrier in view o f 
the greatly increased transepidermal w ater loss that is character-
istic of LA--defi cient anim als [9-11) . It is only during the pas t 
several years that the stru ctures of the epidermal ceramides have 
been determined [5 ,6, 12-14), and that their role in the m ainte-
nance o f wa ter barrier fun ction has becom e more firml y es tab-
lished [9, 15-1 7). Epiderm al lipids are also m os t likely involved 
in the cohesion-desquam ation behavior of stratum corneum cells 
[1 8, 19), and m ay playa role in the regulation o f epidermal pro-
liferatio n and differentiation . Very little is currently known of the 
pathways o flipid synthesis or of the control m echanism s involved 
in the complex changes in co mposition that occur du rin g differ-
entiation . 
Both murine and human keratin ocyte culture systems have 
been used extensively in the study of keratiniza tion and are ac-
cepted as useful , altho ugh imperfect, m odels fo r the study of 
epidermal differentiation [20). While epidermal lipid composition 
and labeled substrate incorpo ration into epiderm al lipids have 
been studied by a number o f different research g roups, m ost 
studies have been done in vivo or have used w hole skin , epidermal 
sheets, or keratinocyte suspensions [21). Keratinocyte cultures 
have not been used until relatively recen tly fo r the study of epi-
derm al lipids and detailed lipid composition of cultures has not 
previously been repo rted . N ow that th e composition and struc-
tures of epidermal lipids have been defined , it is of great interes t 
to exa mine the pathways of lipid m etabolism and the role that 
lipids play in epidermal proliferation and di ffe rentiation . It would 
be advantageous to use a keratinocyte culture system for these 
studies as this would avoid the problems o fl abeled substrate loss, 
substrate m etabolism by nonepiderm al tissues, and un controlled 
substra te availability that co mplicate in vivo o r w hole skin studies. 
The use of cultures would also allow studies of the relationships 
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between lipids and epiderm al pro liferat io n and differentiation that 
cann o t be do ne with keratinocyte suspensions. 
The current stud y was undertaken to determine whether a pre-. 
vious ly reported murin e culture system is an acceptable model 
for the study of epidermal lipid metabolism . Ideall y, the cultures 
sho uld exactl y reproduce the lipid composition of the epiderm is . 
The overall lipid composi tion , phospholipid class distribution, 
and fatty acid compositio n of the cultures were determined and 
compared with those of fres hl y iso lated epide rmis and , in so me 
cases, with those of fre shly isolated non cultured basa l keratino-
cytes. Of special interest were the 2 LA-ri ch epidermal lipids, 
AGC and AC. T he quantities of these lipids were compared w ith 
those of the epidermis and noncultured keratinocytes and the fatty 
acid composition of the AGC was determined . C ultures were also 
labeled w ith either [1 4C]a rachidonic acid (AA) or [1 4C]LA; the 
distributi on of label in the lipids was exa mined to determine 
w hether the labeling pattern was specific for the individual fatty 
acids and w hether it was consistent with the fatty acid compo-
sitio n of the li pids . 
MATERIALS AN D METH ODS 
Keratinocyte Cultures N eonatal BALB/c mice were o btained 
from a breeding colo ny ho used in th e Univers ity ofIowa Animal 
Ca re Facility and fed Purina 5008 rodent chow. Primary neonatal 
mouse keratinocyte cultures w ere es tablished as described by 
Marcelo et al (22 1. Briefly, whole skins were removed from 0 to 
48-h-old mi ce an d fl oated o n Medi um 199 (M-1 99, modified, 
Ea rle's sa lts, with glu tamine; Flow Laboratories, McLean, Vir-
ginia) containing 0.25% trypsin fo r 1 h at 37°C. T he trypsin 
so lution was then replaced w ith M- 199 + 10% fetal bov ine serum 
(FBS; H yclone, Sterile Systems, Logan, Utah) and the epiderm is 
was manua ll y sepa rated from the dermis. Keratinocytes were 
released from th e epiderm al sheets by scraping and agitatio n, 
pooled, and centri fuged. T he pell et was resuspended and the basa l 
epidermal cells were isolated by usin g a discontinuous Ficoll gra-
dient . T he basa l cell-enriched fra ctio n was resuspended in growth 
medium (M-199 + 10% FBS + 50 IU / mJ penicillin + 50 /-Lg/ ml 
strepto mycin) and plated on 100-mm plas tic Petri dishes (Corn-
ing) at 20 X 10" cells/dish . C ultures were grown at 32°C in a 5% 
CO2/95% air atmosphere and the medium was changed daily . 
All experim ents were performed on 6-day-old primary cultures. 
Labeling ofKeratinocyte Cultures C ultures were labeled either 
w ith [1 -14C]AA (N E N , 55 mC i/ mmol) , 0.6 /-LC i/ lOO-mm dish 
or with l U_14Q LA (N E N , 900 C i/ mmol), 0.26 /-LC i/ l OO-mm dish 
in growth medium . Aliquots were removed at various times for 
assess ment of label uptake by the cultures. After 18 h the labeling 
medium was removed and the cultures were rinsed with phos-
phate-buffered sa line (PBS) containing 0.1 % fa tty acid-free bo-
vine serum albumin (S ig ma, St. Louis, Misso uri ) 3 tim es and PBS 
twice. 
Neonatal Mouse Epidermal Samples Wh ole skin s were re-
moved from 0 to 48-h-o ld BALB/c mice and subm erged in 60°C 
water for 45 s. The epidermis was then manuall y removed from 
the derm is and the dermis was disca rded . 
Lipid Extraction of Cultures, Basal Cells, and Freshly Iso-
lated Epidermis Growth medium was removed from the cul-
tures, the cultures were rinsed several times with cold PBS (or 
as descr ibed above for labeled cultures) and then manually scraped 
fro m the dishes in to 10-ml glass scin tillatio n vials (usuall y 2-3 
cultures were pooled). Hea t-separated epiderm al sheets or rinsed 
and pelleted freshl y iso lated basa l cells, obtained from 4-5 skins, 
were also placed into scintillation vials and all sa mples were ly-
ophilized . The lyophilized tissues were extracted successively with 
2: 1, J: 1, and 1:2 chl oroform: methanol. T he extracts were com-
bined and then eva porated to dryness at 40°C under a strea m of 
nitrogen. The li pid residues were redissolved in chl oro-
form:metha no l (1:1 ) for analysis. 
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Thin-Layer Chromatography (TLC) All TLC w as carried 
out on 20 x 20 glass plates coa ted w ith silica gel (E. M . Reagents, 
Darmstadt, West Germ any). For preparative TLC, 0.5 mm-thick 
silica gel 60 H-coated plates were used and samples w ere applied 
using a sa mple streaker. For ana lytical TLC, sa mples were applied 
in 6 mm-wide lanes scored in 0.25 mm-thi ck silica gel G-coated 
plates . C hromatog rams o f polar lipids were developed in chlo -
roform :methanol :water (40: 10:1 , to 15 cm) , th en hex-
ane:ether:a ceti c acid (70:30:1, to 19 cm) . T he phospholipids were 
analyzed using the solvent sys tem chloroform :methano l:2-pro_ 
panol :0.25% KC l:triethylamine (30:9:25 :6:1 8, to 19 cm) [23]. The 
ceramides were resolved using chloroform:methano l:acetic acid 
(190:9: 1, X 2 to 19 cm) . For the nonpo lar lipids the develo ping 
solvent was hexane:toluene (1:1, to 19 cm) fo llowed by hex-
ane:ether:acetic acid (70:30: 1, X 2 to 10 cm) . Fatty acid methyl 
es ters (prepa red as described below) were separated by degree of 
unsa turation on silver nitrate-impregnated silica gel G plates using 
hexane: ether (130:70, to 19 cm) followed by to luene (to 19 cm ). 
After development, preparative chromatog rams were visual-
ized by spray ing with 8-hydroxy-1 ,3,6-pyrenetris ulfonic acid tri-
sodium sa lt (100 mg/liter in ethanol) and then viewing under UV 
li ght. Fluorescent bands containing the lipids of interest were 
scraped fro m the plate and eluted from the silica with chloro-
form:metha no l: water (50:50: 1) . 
For quantitative analytica l TLC, the developed chromatograms 
were sprayed w ith 50% H 2S04 and th en hea ted slowly to 220°C 
on a hotp late to char the lipids [241. The chromatogra m s were 
th en cooled and scan ned on a recordin g photodensitometer (Shi-
madzu CS-930) that prov ides automatic peak integ ration and cal-
culation of percentage compositio n. 
Polar lipids and ceramides were identified by comparison on 
TLC with well-characterized pig epidermal lipids 16, 12, 13 1. In-
dividual phospholipids were identified by comparison on TLC 
w ith standards obtained from Sig ma. Nonpo lar lipids were iden-
tified by co mparison on TLC with standards ob tained from 
NuC hek Prep (Elysian , N ew York) . 
Autoradiography of TLC Plates After development of ana-
lytical plates and before charring, Kodak X-Omat AR5 x-ray fi lm 
was placed over the plates for 1-4 days and then processed by a 
commercial Kodak x-ray film developer. The auto radio _ 
grams were then scann ed on the photodensitometer. 
Analysis of Total Lipid Fatty Acids Methano lic 0 .5 N KOH 
containing 5% water was added to the dried tota l lipid extract 
and the es ter g ro ups were hydro lyzed by hea tin g at 70%C for 1 
h. Meth y l esters of the libera ted fatty acids w ere generated b y 
addition of excess 10% BCb in methanol directly to the sapon-
ification mi xture and heating at 70°C for 30 min . The products 
were recovered by the additio n of water and ex traction into cluo-
roform . Fatty acid methyl esters (FA M E) were res uspended in 
hexane fo r gas liquid chromotography (GLC) analysis. T he GLC 
was carried o ut on a 50-m vitreous quartz cap illary co lumn with 
C P Sil 88 stationa ry phase (Chro mpack Inc., Bridge water, N ew 
Jersey) using a Varian 3700 gas chromatograph. An initial tem-
perature o f 160°C was maintained for 5 min followed by a SO/ m in 
increase to 220°C w hich was maintained for 10 min . C hro-
matog raphic peaks were identified by comparison with FAME 
standards (NuC hek Prep) . Peak integrat ion and calculati on of 
percentage composition were perform ed by a Varian CDS 111 
electronic integrato r. 
Analysis of Phospholipid and AGC Fatty Acids The por-
tions of the devel oped plates containin g the indi vidual phospho-
lipid classes and AG C were scraped from their res pective prepar-
ative chromatograms and eluted with chloroform:m ethanol:water, 
50:50: 1. After evapo ration of the eluting solvent, phospholipid 
fatty acids were released by saponifica tion, methylated, and re-
covered as described above. AGC was saponified with chJoro-
form:methanol :lO N KOH (2:7:1) at 37°C for 30 min [5] . The 
mixture was neutralized with 2 N HCI and the lipid was extracted 
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Table I. Lipid Compositio n 
Lipid Epidermis" Basal Cells/> Cultures' 
Phospholipids and choles teryl sul fa te 
Glucosylceramides 
Acylglucosylceram ides 
Acylceramide (ceramide I) 
18.7 ± 3.7 
1. 6 ± 0.8 
2.2 ± 0.3 
4.8 ± 0.3 
57.9 ± 3.9 
Trace 
0.5 ± 0.1 
1.7 ± 0.3 
1.3 ± 0.3 
46.2 ± 6.7 
4.1±1.4 
0.7 ± 0. 1 
2.2 ± 0.4 
O ther ceramides"'" 
7-H ydroxycholes terol' 
Nonpolar lipids: 
Diglycerides 
Cholesterol 
Fatty alcoholsf 
Fatty acids 
Triglycerides 
14.0 ± 0,6 
6.6 ± 0.3 
51.4 ± 3.8 
1.2 ±0.6 
38.2 ± 4.4 
11.2 ± 2.0 
35.2 ± 6.4 
1. 8 ± 0.5 
25 .0 ± 6.4 
Wax es ters and cholesteryl es ters 
15.0 ± 1. 9 
1.4 ± 0.4 
5.6 ± 0.2 
14.2 ± 0. 1 
13.9 ± 0.6 
33.9 ± 4. 1 
0.8 ± 0.4 
3.5 ± 0.6 
1. 6 ± 0.7 
5.3 ± 2.3 
1.4 ± 0.5 
<l'N = 2, mean wcight% ± range for the 2 values. 
bN = 3, mean wcight% ± SO. 
' N = 4 , mean wcight% ± SO. 
dCeramides 2-5. identified by compa rison on TLC with ceramides iso lated from pig epidermis 161. 
'The ceramide fractio n includes 7-hydroxycholesterol for the basa l cell s and cu ltures. 7-Hydroxycholcsterol is tcntatively identified by the blue color produced on spraying 
with su lfuric acid and its TLC mobility. 
fldenti fied only by comparison on TLC with pig epidermal lipids. 
into chloroform after the addition of water. The recovered lipid 
was subj ected to preparative TLC in chloroform:methanol:water 
(40: 10:1) . Free fatty acids were scraped from the plate, eluted with 
1 % acetic acid in chloroform , and methylated with 10% BCI) III 
methanol. The FAME were extra cted into chJ oroform after the 
addition of water. 
RESULTS 
Lipid Composition Lipid compositio ns determined for neo-
natal mouse hea t-sepa rated ep idermis , the fresh ly isolated basa l 
ceU-enriched fraction, and primary keratinocyte cultures are sum-
marized in Table I. Lipids from whole epidermi s consisted pri-
mari ly of nonpolar lipids (50%) and ceram ides (23%), with phos-
pholipids accounting for only 20% of the total. Phospholipids 
dominated the basal cell-enri ched fraction, comprising 58% of 
the total lipid , with nonpolar lipids tota ling 38%. Cera mides were 
a minor component of the basal cells, representin g o nl y 4% of 
the total lipid . The no npolar lipid content of the keratinocyte 
cultures (35%) was si milar to that of the basal cells but the phos-
pholipid content was reduced (46%) and the ceramide content 
(19%) approached that of the epidermis . 
AGC and AC were also present in the cultures, in percentages 
slig htl y greater ~han those seen in the basa l cell fraction. 
Phospholipid Classes Phospholipids were separated into in-
dividual classes in order to compare their distribution in epider-
m is, basa l cell s, and cultures . The results are presented in Table 
II. The percent of the total phospho li pid contributed by each class 
was similiar in the whole epidermis and basal cells and was re-
produced closely by the cultures. These percentages are guite close 
to those reported in rat epiderm al cell s by Gray and Yard ley [251 
and in pig epiderm al cells by Yardley and Summerly [4]. 
Table II. Phospholipids: Compositio n by C lass 
Phospholipid Class 
Sphingomyel in 
PhosphatidylcllOline } 
Phosphatid ylserine 
Phospha tid y I inosi tol 
Phosphatidylethanolamine 
' N = 6. mean wcight% ± SD. 
bN = 4, m ean wcig lu% :t SO. 
'N = 9. mean wcight% ± SO. 
Epidermis" 
16.8± 1.1 
52.4 ± 4.5 
6.7 ± 1.7 
24.0 ± 3.6 
Basal Cells" 
21.3 ± 1. 6 
45. 1 ± 2.7 
3.9 ± 2. 1 
29.6 ± 4. 1 
C ultu res' 
24.3 ± 2.9 
46.3 ± 4.1 
3.3 ± 0.8 
26.0 ± 4.1 
Fatty Acid Composition of Total Lipid Extracts The fatty 
ac id composition of the lipid extracted from epidermis , fresh ly 
isolated basa l cell s, and cu ltu res is shown in Table Ill. The basal 
cell fraction con tained less lig noceric acid (24:0) than the epidermis 
(6 .3% vs 18.8%), but more stearic ac id (18:0,10.5% vs 4.1 % ) 
and AA (20:4, 9.8% vs 3.0%). The m ost notab le differences 
between the basal cell-enriched fra ction and the cultured kera-
tinocytes were the decrease in LA (18 :2, 13.7% vs 5.6% ) and the 
increase in palmitoleicacid (16:1 , 3.0% vs 6 .8%) seen aftcr6 days 
of culture. The g reater amount of AA (20:4) and the lesser amount 
of Iig noceric acid (24:0) scen in th e basal cell s co mpared with the 
epidermis 'persisted in the cultured keratinocytes. 
Phospholipid Fatty Acid Composition T he f.1tty acid com-
positions of phosphatidylcholinc (PC),. phosphat id y lserine (PS), 
phosphatidylinositol (P I), and phosphatid y lethanolaminc (PE) 
isolated from whole epidcrmis and from keratinocyte cultures are 
shown in Table IV. As in the total li pid extract, decreases in 18:2 
Table III. Fatty Acid Compositio n of Total Lipid Extracts" 
PcrCCIlf of Tota l Fatty Acids" 
Fatty Acid 
14:0 
14: I 
16 :0 
16 : I 
18:0 
18 : I 
18:2 
18:3 
20 :0 
20: 1 
20:2 
20:3 
20 :4 
22 :0 
22: I 
22:6 
24:0 
24: I 
UNID' 
Epidcrmis 
1. 4 ± 0. 1 
Trace 
10.6 ± 0.8 
3.0 ± 0.5 
4. 1 ± 0.3 
20.0 ± 1.8 
11. 2 ± 1..1 
0.4 ± 0. 1 
1.3 ± 0.2 
3.4 ± 0.4 
0.7 ± 0.0 
0.8 ± 0.2 
3.0 ± 0.3 
3.6 ± 0.3 
1.2 ::!: 0.2 
1.6 ± 0.2 
18.8 ± 1. 9 
0.6 ± 0. 1 
14.3 ± 2.5 
Basal Cdls 
Trace 
Trace 
13. 0 ± 2.5 
3.0 ± 0.8 
10.5 ± 0.6 
22.0 ± 0.5 
13.7 ± 0.7 
0.4 ± 0.0 
1.0 ± 0.0 
0.2 ± 0.0 
0.5 ± 0.1 
1.3 ± 0. 1 
9.8 ± 0.6 
2.8 ± 0.1 
0.6 ± 0. 1 
3.5 ± 0. 1 
(,.3 ± 0.4 
0.5 ± 0.0 
11.0 ± 2.6 
Cu ltures 
1.0 ± 0.2 
Trace 
11.3 ± 0.1 
6.8 ± 0.5 
12.2 ± 1. 6 
2(,.9 ± 0.3 
5.6 ± 2.1 
1. 0 ± 0.0 
0.8 ± 0. 1 
1.6 ± 0. 1 
Trace 
1. 7 ± 0.4 
9.7 ± 1. 7 
1.6 ± 0.3 
1. 0 ± U. I 
2.9 ± 0.2 
5. I ± 1.4 
1. 0 ± 0.0 
9.6 ± 0.6 
li N = 2 for epidermis . basal cel ls. and cultures. Nu m be rs ill co lumns represent 
the average weight % of the toral f.,rry acid CO il tent ± range for the 2 "a lues. 
"Total 111 :':1)' no t be exactly 100% since so me m inor peaks arc no r included. 
'Ullidelltified. 
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Table IV. Fatty A cid Composition of Indiv idual Phospholipids from Neonatal M o use Epidermis and Keratinocyte C ultures 
PC' PS" PI ' PE'/ 
Fatty Acid E" er E C E C E C 
14 :0 tr\' tr tr tr tr tr tr tr 
14: I tr tr tr tr tr tr 1. 4(0.7) 1.6(1.0) 
16:0 15.8(1.4) 15.0(3.9) 6.4(1.6) 9.2(1.0) 10.3(2,6) 9.4(1.4) 10.4(0.7) 11.6(2. 1) 
16: 1 3.9(1. 8) 9.6(3,5) 2.8(0,6) 3.9(0.5) 1.1 (0,9) 3.0(0.4) 3.9(0.3) 3.1 (1.1) 
18:0 5.9(0.8) 10.8(0.4) 18,6(2.4) 22.6(0.4) 31.0(0.7) 29.1 (1. 9) 10.9(0.5) 10.0(1.2) 
18: 1 25 .5(7 .1 ) 34.4(1. 9) 27.5(3. 1) 23.4(~.6) 12.2(1.5) 17.7(2.9) 29.8(2.0) 20.6(2,0) 
18:2 14. 7(4.0) 6.4(2.9) 9.8(0.9) 5.4(1.0) 12.5(2.2) 4.6(0.7) 12.7(1.3) 3.1(0.3) 
18 :3 tr tr tr tr tr tr 
20:0 1.7(0.4) tr 2.5(0.0) 1.5(0.7) 1.2(0.3) tr tr tr 
20: I tr 1.3(0.3) tr tr tr tr tr 1. 4(0.2) 
20:2 tr tr tr tr tr tr tr tr 
20:3 tr 1.3(0.3) tr 2.3(0.2) 3.4(0,6) 3,3(1.3) tr 1.3(0. 1) 
20:4 4,0(0.5) 7,2(4.3) 4.2(1. 2) 7.0(0.6) 16.0(0,3) 19.0(1.1) 12.3(0.6) 18.6(0.8) 
22 :0 5.3(1. 6) 1. 5(0.3) 6.7(2.0) 2.4(0.5) 2.0(0.4) 1.8(0,3) 1.0(0.1) tr 
22 : I tr 1. 1 (0.3) tr 1.6(0.2) tr tr tr tr 
22 :6 tr 1.3(0.3) 2.2(0.4) 2.6(0.1 ) 1. 2(0.2) 1.4(0.3) 2.8(0.2) 9.1 (1.3) 
24:0 15.2(5.6) 2.8(0,9) 14.3(7.3) 4.7(2.4) 3.2(2.4) 1.4(0.8) 1.4(0.1) tr 
24: I tr 1. 1 (0.2) tr 1.9(0.3) tr tr tr tr 
UNID" 4.6(1.8) 5.7(1.1 ) 3.6(3.7) 7.4(3.5) 5.2(3.2) 6,3(1. 9) 9.0(2.0) 18.7(0.6) 
"PC = phosphatid ylcho linc , 
/'PS = phosp hatid y lsc rin c. 
' PI = phosphatid ylinositol. 
"PE = phosphatidy lc th anolam inc . 
rE = rreshl y isobtcd heat scp:uatcd ncon;H:l 1 m ouse epidermis. N = 3, mean ± SO in parentheses . 
.Ie = kc ratin ocytc cultures , N = 3, m ea n ± SO in parentheses. 
lI [r = tra cc. Numbers represenl weight ~yo o f tota l f:1[CY acid con tent. 
"Unidc,ltiflcd . 
(25-75%) and 24:0 (60-80%) arc seen in all of the phospholipids 
from cultured cell s w hile levels of20:4 are in creased, T he data in 
Table I V also d emonstrate th e differences ' in fatty acid compo-
sition among the phospho lipid classes; of in terest is the enrich-
m ent of both P I and PE in AA (20:4), as has been reported in a 
number of mammalian ti ssues [261. Apart from the specific changes 
in co mpos ition m entioned above, the overall pattern of fatty acids 
seen in each p hospho lipid class is very closely reprod uced in the 
kerat in ocyte cultures. 
Fatty Acid Content of AGC AGC was isolated from pooled 
lipid extracts of epidermis and keratinocyte cu ltures, and the es-
terified fatty acids were released by mild sapo nifi cation and meth-
y lated, T here were 9 major fatty acids present and the percent 
compositio n for 4 of them was nearly identical in th e epidermi s 
and the cultures . However , 18:2 accounted fo r 11 .3% of the fatty 
ac id s in epidermis and o nly 3.5% in the cultures . There also was 
a substan tial decrease in 24:0 content in the cultures compared 
w ith the epidermis (1.4% vs 11.0%). In creases in 16:0, 16:1, and 
18:1 in' the cultures co mpensated for these d ecreases, The decreases 
in 18:2 and 24:0 are consistent w ith what was seen in both the 
total lip id and individual phosp ho lipid extracts, but the pattern 
of compensatory fatty acid replacement is somewhat different. 
Time Course of Labeled Fatty Acid Uptake by Cultures 
C ultures were labeled w ith eith er rI 4C]AA or [1 4C]LA ; aliquots 
of the labelin g n1.edium were removed at 1. 1, 5, and 18 h , and 
the percent uptake by the cu ltures was calcula'ted . Fig 1 shows 
th e time course of uptake for both AA and LA. T he curves are 
similar, with close to 90% of the label taken up b y the cu ltures 
over the 18-h labelin g period , 
Labeled Fatty Acid Incorporation into Lipids of Keratin-
ocyte Cultures Cu ltures were labeled with either [I4 C)AA or 
[1 4C]LA anc! the lipid extracts were subjected to TLC, as described 
above, fo llowed by autorad iograph y of the plates. Table V com-
pares th e distribut ion of the 2 label ed compounds in the extracted 
li pids. The majority of both un saturated fatty acids was foun'd in 
p hospholipids as expected (9) and th e am ount and distribution in 
th e nonpolar lipids was quite siln il ar. O nly s m all am o unts were 
found in cho lestero l (2,0% of AA and 1.1 % of LA) . The 2 sphin-
golipids which have been sho w n to conta in LA (AGC and AC) 
both showed preferential labeling w ith LA (1 ,7% LA vs 0% AA 
for AGC and 1.2% vs 0.3% for AC). A GC had the highest'specific 
activity of the identified LA labeled lipids (1.7% of the total label, 
0.7% of the total lipid), Of in terest is lipid Y which was present 
o nly in trace am o unts ' on the charred ch romatqgrams but took 
up large amounts of LA label compared with AA (5.3% vs 0.6%). 
This lipid had a m o bility simi lar to that of the more polar glu-
cosylceramides (C and D (12)) in the solvent system used for 
polar lipids. Further work is needed to characterize this lipid . 
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Figure 1. Time course of labeled fatty acid uptake by keratinocyte cul-
tllres, Aliquots of the labeling medium were removed at i, 1, 5,and 18 h, 
and counted , and percent labcl uptake was ca lculated. Circle 1'·C1AA, N 
= 2 and the average is given except for the 18-h timepoint where N = 
5 and the mca n is given. Trin",~1e. 1"'e ILA , N = 2, the average is given . 
Thc range for each va llie was less than ± 5%. 
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Table V. Labeled Fatty Acid Inco rpo rati on into C ulture Lipids 
Lipid 
Perccnt Total Lipid 
(from Table I) 
Percen t of Tota l Label Uptake 
r'4qA rachidonic Acid" 1'4q Linolci c Acid" 
Phospholipids and cholcs teryl sul fa te 
Glucosylceramides 
Lipid y" 
Acylglucosylceramidc 
Acy lceramide (ceram ide 1) 
O ther ceramides and 7-hyd roxycholes terol 
Total nonpolar lipids: 
Diglyccrides 
Choles terol 
Fatty acids and triglycerides 
Wax es ters and cholestcryl es ters 
Unidentified 
.I N = 2, average ± ra nge of the 2 va lues . 
46.2 :±: 6.7 
4. 1 :±: 1. 4 
Trace 
0.7 :±: 0. 1 
2.2 ± 0.4 
11.2 :±: 2.0 
35.2 ± 6.4 
1.8 ± 0.5 
25.0 :±: 6.4 
6.9 :±: 2.3 
1. 4 :±: 0.5 
87.6 :±: 2. 1 
Trace 
0.6 :±: 0.2 
0.3 :±: 0.1 
0.4 :±: 0.4 
9.0 :±: 2.3 
0.8 ± 0.3 
2.0:±: 0.0 
6.1 :±: 2.0 
0. 15 :±: 0.0 1 
1. 7 :±: 0.4 
83.4 :±: 2.4 
Trace 
5.3 :±: 1.0 
1.7 :±: 0. 1 
1. 2 :±: 0.2 
0.7:±: 0.2 
7.2 :±: 1.6 
0.5 :±: 0.2 
1. 1 :±: 0.5 
5.4 :±: 0.9 
0.08 ± 0.03 
''Thi s as yet uni dentified lipid was present in onl y t race amo un ts o n the charred chromatogram but wos highly labeled by I "e llA . The mobil ity o f the lipid was similar 
to tha t of g lucosy lceram idcs. 
Labeled Fatty Acid Incorporation irito Phospholipid Classes 
ofKeratinocyte Cultures T able VI shows AA and LA labeling 
of the nonsphingo m yeli n phospho li pids in compariso n w ith th e 
p hospholipid co mposition of the cultures. T he distribution of 
label co rrelated w ell w ith the fa tty acid co m posi tion o f th e in-
d ividual phospholipids (Table VI ). Both PI and PE were specif-
icall y enriched in AA and together they accounted fo r 60% of 
the AA label. O nl y 31 % of the LA label was present in these 2 
phospho lipids, which is roughl y equi va lent to their concent ra tion 
in the phos pholipid mix ture (38%). 
Conversion of [14C]LA to P4C]AA by Cultures M ost studies 
to date ha ve shown that epidermis is no t capable of the elongation 
and desaturation steps required to convert LA to AA [4,27,28]. 
T he distin ct lipid labeling pattern s demonstrated in this study also 
su gges t that if conversion does occur it is minimal, at leas t over 
th e 18-11 labeling period. H owever, Issero ff, Martinez, C hapkin , 
and Ziboh [29], have recentl y dem onstrated tim e-dependent con-
version o f LA to AA in a similar neonatal mouse keratinocy te 
culture system . At 64 h aftet a 16-h labeling period they reported 
a 10-17% conversion to 18:3 + 20:3 and a 12-18% conversion 
to 20:4. Therefo re, the FAME of a to tal lipid extract fro m LA-
labeled cultures were subjected to argentation TLC as described 
ab ove. Over the 18-h labeling period there was a 2% conversion 
to trienes and a 4.5% conversion to tetraenes. T his would seem 
to indicate the presence of ll.-5 and -6 desa turase as ~ell as elongase 
activity in this culture system . It appea rs that the extent o f con-
version over the 18-h labeling period w as sm all enough th at the 
distinct labeling patterns of AA vs LA w ere no t significantl y 
dis turbed, but this conversion co uld be a problem in long-term 
la beling o r in pulse- chase experim ents. 
DISC U SSIO N 
T he neonatal m ouse keratinocy te cul ture system used for these 
studies appea rs to be an acceptable m odel fo r the stud y of epi-
dermal lipid m etabo lism . T he lipid composition determined for 
hea t-separated epidermis IS consisten t with da ta fr0 111 neonatal 
mouse epidermal sheets repo rted by E lias et al 1301 and the com-
posi tion fo r basa l cells is roughl y co m parable to that for :I mi xed 
basa l and spi nous cell popul at ion fr0111 pig epidermis obtai ned by 
Gray and Yard ley [2]. Detailed lip id co m position of cu ltured 
keratinocytes has no t been prev iously repo rted; th e data presented 
here suggest that the cultures are partiall y d iffe renti ated. T he 
nonpolar lipid composition of the cul tures closely resem bks that 
of th e basa l cells, w hi le the amount of cera mi des is simi la r to that 
of the epidermis, and the phos pho lipid contellt fa lls between that 
seen in the epiderm is and basa l cells. T his in co m plete d iffe ren-
tiation (i.e., fa ilure to reprod uce the in vivo state, with respect 
to lipid compos ition) parallels the we ll-known in co m plete ker-
atinizat ion seen in culture systems of this type 120]. It is of par-
ticula r im portance th at the un ique epiderm al li pids AGC and AC 
are made in quantities suffi cien t to study their syn thesis and sub-
seq uent meta bolism . It is interesting that AGC is m ade in a sub-
merged cul ture system since thi s li pid has been proposed to me-
dia te stacking of the lipid bilaye rs fo un d in lamellar g ranules 
[8,31], and thi s ty pe of culture docs not appea r to fo rm lamellar 
gra nules [201. T his fa ilu re to fo rm lamellar gra nul es may be re-
lated to the abnormal fatty acid composition found in AGe as 
discussed below. 
T he tota l fa tty acid com pos ition of the fres hl y iso lated basa l 
cells approx imates that of th e epidermis w ith th e maj o r exceptions 
of stearic acid (18:0) and AA (20:4) w hi ch were increased, and 
li gnoceric acid (24:0) w hich was decreased. T hese changes may 
reflect the g reater abundance of sho rter cha in and polyunsaturated 
fatty acid-conta ining phos pholipids in the basa l cell-enriched frac-
ti on. T he tota l fatty acid com position of the cultures was similar 
to that of the basal cell s w ith .the maj o r exception of a 60% 
decrease in LA. In addi tion, the lower am oun t of Iignoceri c acid 
(24:0) seen in the basa l cells co m pared w ith the epiderm is was 
no t co rrected in cul ture perhaps beca use very lit tle of this fatty 
acid is supplied by feta l calf serum and /or because it is hot syn-
thesized by the inco mpletely d iffe rentiated cul tures. Phospho-
Table VI. Labeled Fatty Acid inco rpora tion into C ulture Phospho li pids 
Phospholi pid 
PhosPhati dylchoiine } 
Phosphatidylserine 
Phosphatid ylinositol 
Phosphatidylethanolamine 
IN = 7. mean :t SD for AA-Iabclcd cultures. 
% of Total Phospholipids 
(excluding sphingomyelin ; 
de rived from Table II ) 
61. 2 
4.4 
34.4 
bN = 2, average :t ra nge of the 2 va lues ror l A-labeled cul tures. 
Percent of Total Phospholi pid Labeling 
r'4qArachidonic Acid" 
39.5 ± 5.4 
15.5 :±: 1. 0 
44.S ± 5.2 
1'4CJLino leic Acid" 
68.9 :±: 2.7 
6.8 :±: 2.5 
24.2 ± 0.3 
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lipids an d AGC fro m cultures also showed decreases in LA and 
lig noceric (24:0) acid content co mpared with that of th e parent 
epidermis. 
These changes in fatty acid co mposition have also been reported 
by Isseroff, M artin ez, and Ziboh for a total phospholipid extract 
from similar neonatal mouse keratinocyte cu ltures, and may be 
a reRectio n of the low LA content ofFBS [32] . Linoleate accounts 
for on ly 6% of the tota l free fat ty acids in the FBS used for these 
experiments while the free fatt y acids of BALB/c mouse serum 
have been repo rted to be 25% lin o leate 132"1. Decreases of LA in 
cultures usin g FBS have also been no ted in 3T3 fibrobla sts [33], 
hum an endothelial ce ll s 134J , and rat splenocytes [351. The de-
crease seen in the keratinocyte cultures does not appear to result 
from an in ability to in corpo rate the fa tty ac id judg iil g by the 14C_ 
labeling experiments . While the re :.vas so me conversion o f LA to 
trienes and tetraenes (6.5% over 18 h), this wo uld not account 
for the ex tent of the decrease in LA in the cultures, which were 
fed daily . The requirement fo r essential fatty acids (EFAs) by 
cultured cells is a co mplex issue and many cell types, surprisingly, 
do no t appear to require EFAs when pl aced in culture [36,37]. 
This lack of requirement, ho w ever, has usually been based on 
apparentl y norm al culture g rowth , differentiation , and mor-
phology w itho ut specifi cally addressin g lipid composition . Since 
the epidermis shows profo und alterations in bo th proliferation 
and d ifferenti atio n durin g EFA deficiency, it is of some impor-
tance to define the EFA requirements of keratinocy te cultures . It 
may be that LA supplementation is necessary to maintain normal 
fatty acid composition of keratinocyte cultures when FBS is used 
as th e serum source. 
Labeled AA and LA were av idl y taken up by the cultured 
keratinocy tes and in co rporated into lipids in distin ct patterns that 
were consistent with the fa tty acid content of the lipids. In par-
ticular, the LA-containin g .AGC and A C preferentially incorpo-
rated LA , indi ca tin g that this substrate could be used to further 
stud y th e synth esis, m eta bolism , and location of these acylsphin-
golipids within the cell. This preferentia l labeling has also been 
demon strated in v ivo in E rA-deficient rats [17] . Labelin g of cho-
les tero l am o unted to o nl y 1-2% of the total 14C label, demon-
stratin g that labelin g of non-lin oleate-containing lipids is minimal 
in the cultures . 
Considerin g the grossly different environment of the in v itro 
sys te m co mpared with the in vivo state, the lipid co mposition is 
rem arkably well maintained. The LA deficiency is no t unique to 
epidermal cultures and sho uld be am enable to manipulation of 
the LA content o f the medium or to other alterations in culture 
m ethods. The correctio n of thi s abnormality is parti cularly im-
portant for kcratinocyte cu ltures as discllssed above; it is certainly 
possible that this deficien cy m ay be partly responsible for. the 
incomplete differentiatio n seen in vitro, as suggested by Isseroff 
et al 1321. It is interesting to speculate th at the apparent lack of 
lam ellar g ranule formation in culture mi ght be related to the LA 
deficiency of the AGe. 
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